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Abstract
Background: Too high or low blood glucose levels after traumatic brain injury (TBI) negatively affect the
prognosis of patients with TBI. This study aimed to examine the relationship between different levels of
blood glucose in insulin therapy and Glasgow Outcome Score (GOS) in patients with TBI.

Methods: This study was based on a randomized, dual-center, open-label clinical trial. A total of 208
patients who participated in the randomized controlled trial were followed up for 5 years. The information
on disease, lab examination, insulin therapy, and operation of patients with TBI was collected. Also, the
data on 5-year and 6-month GOS were collected as primary and secondary outcomes. The univariate
analysis was used to detect variables that might contribute to outcomes, while the multivariate regression
analysis was used to reveal the independent relationship between insulin therapy and outcomes. A
generalized additive model (GAM) was used to investigate dose–response relationships between blood
glucose levels and GOS. The results were presented as odds ratios (ORs) with their 95% con�dence
intervals (95% CIs). We further applied a two-piecewise linear regression model to examine the threshold
effect of blood glucose level and GOS.

Results: A total of 182 patients were involved in the �nal analysis. Compared with the non-intensive
insulin therapy group, the 5-year GOS in the moderate-control intensive insulin therapy (IIT) group and the
slight-control IIT group was 1.45 and 1.39 higher, respectively (both P < 0.05); the 5-year GOS in the strict-
control IIT group was 0.23 higher (P > 0.05). GAM revealed that a bell-shaped relationship existed
between blood glucose levels in insulin therapy and 5-year or 6-month GOS. The in�ection points of the
mean blood glucose level were 6.73 and 8.97 mmol/L considering 5-year GOS as the outcome and were
6.95 and 8.88 mmol/L considering 6-month GOS as the outcome. The multivariate analysis showed that
the 5-year GOS in the medium-level group (≥6.73 and <8.97 mmol/L) increased by 0.83 [95% con�dence
interval (CI): 0.22–1.47] compared with that in the low-level group (<6.73 mmol/L). Also, the 5-year GOS
in the medium-level group increased by 0.57 (95% CI: 0.02–1.08) compared with that in the high-level
group (≥8.97 mmol/L).

Conclusion: A proper blood glucose range in insulin therapy could improve the outcomes of patients with
TBI; the range was 6.73–8.97 mmol/L according to our limited analysis.

Clinical Trial Registration: ClinicalTrials.gov, NCT02161055. Registered 11 Jun 2014.

Introduction
Traumatic brain injury (TBI) leads to death and disability in patients with trauma. Secondary brain injury
affects the prognosis of patients with TBI signi�cantly, while hyperglycemia is one of the important
factors inducing secondary brain injury [1]. Recent studies con�rmed that hyperglycemia could aggravate
the damage of nerve function [2]. Acute hyperglycaemia following TBI, which is de�ned as the blood
glucose level beyond 200 mg/dL (11 mmol/L) during the early phase of injury, is a common symptom in
patients with severe TBI [3, 4]. Acute hyperglycaemia following TBI was supposed to be a physiological
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reaction, which was essential to support the high metabolism in the brain after TBI [3, 5]. However, acute
hyperglycaemia was also reported to adversely affect the outcomes of patients with TBI [4, 6] through
exacerbating the secondary injury [7]. Since maximum clinical observations agreed on the existence of a
close relationship between acute hyperglycaemia and poor outcomes of patients with TBI [4, 6-10], early
care of acute hyperglycaemia after TBI was clinically recommended [11]. However, in clinical practice,
hypoglycaemia, which results from excess blood glucose control, was also found to adversely affect the
outcomes of patients with TBI [12]. 

Too high or low blood glucose levels after TBI negatively affect the prognosis of patients with TBI [13,
14]. Therefore, the control of the blood glucose level in patients becomes an urgent problem directly
related to the prognosis. Therefore, it has been hypothesized that adequate control of acute
hyperglycaemia was necessary for patients’ bene�ts [11, 12]. A previous randomized controlled trial
(RCT) con�rmed the aforementioned hypothesis; 7–13 mmol/L was recommended as the target blood
glucose range in insulin therapy. This study used advanced data-analysis tools to con�rm our previous
�ndings and further narrow the target blood glucose range to direct the clinical practice.

Methods
Patients 

The RCT was registered in ClinicalTrials.gov (NCT02161055) on June 5, 2014, before patient recruitment,
which started in June 2014 and ended in December 2015. This was a randomized, parallel-assignment,
open-label, controlled clinical trial conducted at the A�liated Lianyungang Oriental Hospital of Xuzhou
Medical University and Lianyungang No.1 People’s Hospital, China. The protocol followed the Declaration
of Helsinki and was approved by the Lianyungang Oriental Hospital Medical Ethics Committee and the
Medical Ethics Committee of Lianyungang No.1 People’s Hospital, China. According to the Standards of
Medical Care in Diabetes [15], hyperglycemia was de�ned as rapid blood glucose >7 mmol/L (126
mg/dL). Eligible patients with hyperglycemia after severe TBI were randomly assigned to either the
intensive insulin therapy (IIT) group or the non-IIT group in the ratio of 3:1. The IIT group was further
subdivided into three subgroups based on the target blood glucose level: 4.4–7.0 mmol/L (strict-control
group), 7.1–10.0 mmol/L (moderate-control group), and 10.1–13.0 mmol/L (slight-control group).
Computerized randomization was accomplished by investigators who could not contact the participants
directly. Patients, outcome assessors, and statisticians were blinded to the information regarding
grouping. If the eligible patients consented to the trial, sealed opaque envelopes with a randomly
assigned serial number containing the accepted treatment programs were opened. The patients then
underwent the corresponding treatment measures. In the case of any error or disclosure about
randomization, a new randomization sequence was generated starting from the problematic serial
number and applied to subsequent patients. 

Inclusion and exclusion criteria



Page 5/18

The inclusion criteria were as follows: (1) clinical diagnosis of severe closed TBI [16]; (2) Computed
Tomography (CT) con�rmation of severe closed TBI; (3) severe TBI following the indications for
craniotomy; (4) blood glucose levels of >7.0 mmol/L measured twice by rapid examination within 2 h
after admission; (5) Glasgow Coma Score (GCS) of 3–8; (6) age 18–80 years; and (7) no history of
diabetes mellitus. The exclusion criteria were as follows: (1) patients with multiple physical injuries; (2)
patients with diabetic nephropathy with hemodialysis dependence; (3) patients with neurological
disorders before craniocerebral trauma; (4) patients with a history of diabetes before craniocerebral
trauma; (5) bilaterally dilated pupils; and (6) refusal of patient's relatives. Moreover, patients could
withdraw from the trial under the following conditions: (1) discontinuation of the trial was necessary from
a medical point of view, or (2) a request was received from the patient’s family to stop the trial.

Blood glucose control in insulin therapy 

Within the �rst week of hospitalization, rapid blood glucose levels were recorded once every 2 h in each
group. Blood glucose measurement: Capillary blood was obtained from the tip of the ring �nger to
measure the blood glucose level. The blood should be collected from the same �nger to ensure an
accurate measurement. For measuring the blood glucose level of a patient undergoing transfusion, the
blood should be collected from the tip of the �nger of the limb without transfusion to ensure the accuracy
of measurement.

In the IIT group, the blood glucose levels were monitored and controlled according to the Yale Insulin
Infusion Protocol [17]. According to the Yale Insulin Infusion Protocol, the amount of insulin (U) = [fasting
blood glucose (mmol/L) × 18–100] × 10 × body weight (kg) × 0.6/(1000 × 2). The insulin for injection
(400 U/10 mL) was obtained from Wan-bang Biochemical Pharmaceutical Co., Ltd., China (Lot #
1307230, 1302225, and 1307210). Insulin was infused into the vein at a rate of 0.1 U/(kg × h) using a
micropump. During this period, the blood glucose level was monitored once every 2 h, and the insulin
dose was adjusted accordingly. If the blood glucose level was higher than the target value, the insulin
dose was gradually increased by 1–2 U/h. When the blood glucose level reached the target value, the
insulin dose was gradually decreased until its administration was terminated. 

On the contrary, in the non-IIT group, the rapid blood glucose level measurement was performed once
every 2 h. When the blood glucose level was ≤13.0 mmol/L, no intervention was performed. In the case
of blood glucose level >13.0 mmol/L, insulin was subcutaneously injected regularly. Insulin was
administered once every 8 h in a fasting state, whereas during venous or enteral nutrition infusion, it was
infused 30 min before the nutrition infusion. When the blood glucose level reached ≤13.0 mmol/L, the
insulin infusion was terminated. 

Measurement of dependent variables

During the original RCT, patients were treated using the following uniform protocol. (1) According to the
Guidelines for the management of severe TBI [18], craniotomy for TBI was performed to mainly
decompress and remove the hematomas. (2) During the operation, all patients underwent a ventricular
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puncture. The cerebrospinal �uid (CSF) was collected for biochemical analysis and cell culture. (3) All
patients were closely monitored in the intensive care unit (ICU) of the Department of Neurosurgery. (4)
Therapeutic protocols for severe traumatic brain injury were used. (5) Glucocorticoids, which could cause
disorders of glucose metabolism, were not applied regularly in either of the groups. (6) During
intravenous injection, glucose and insulin were mixed in a ratio of 5 g (glucose):1 U (insulin) to minimize
the effects of exogenous glucose on the blood glucose level. When the patients �nished the RCT, routine
rehabilitation and daily life training were organized for them. The blood glucose, serum insulin, and blood
glycosylated hemoglobin levels, as well as the CSF level of glucose, lactic acid, and chloride, were
monitored. CSF was collected during surgery and obtained 1 week after surgery by lumbar puncture. GCS
was used to evaluate the severity of the patient's condition, and a recording sheet was used to assess the
patient's condition at hospital admission. The Acute Physiology and Chronic Health Evaluation II (APCHE
II) score was recorded on each subsequent day in the ICU.

Outcome measurement 

The outcome of the study was 5-year Glasgow Outcome Score (GOS). In supplementary analyses, we
also analyzed the 6-month GOS. GOS de�nitions were as follows: 1, death; 2, persistent vegetative state;
3, severe disability (conscious but disabled), needing daily support; 4, moderate disability (disabled but
independent); 5, good recovery, normal active life with minimal de�cits. 

Statistical analysis

Continuous variables that conformed to normal distribution were described as mean (SD), while those not
conforming to normal distribution were described as median (Q1–Q3). Categorical data were presented
as numbers and percentages. The univariate analysis was used to scan variables that might contribute to
outcomes, while the multivariate regression analysis was used to reveal the independent relationship
between insulin therapy and outcomes. A generalized additive model (GAM) was used to investigate
dose–response relationships between blood glucose levels and GOS. A linear regression model was
employed to estimate the association between blood glucose levels and GOS. The results were presented
as β with their 95% con�dence intervals (95% CIs). We selected these confounders based on statistical
signi�cance (P < 0.05) [19]. Adjustments were made for the following potential confounders: pupil
changes; GCS before surgery; and APCHE II score.

We further applied a two-piecewise linear regression model to examine the threshold effect of blood
glucose levels and GOS. The turning point for blood glucose level was determined using exploratory
analyses, which involved moving the trial turning point along with the pre-de�ned interval and picking up
the point that gave the maximum model likelihood. We also conducted a log-likelihood ratio test
comparing the one-line linear regression model with the two-piecewise linear model, as described in
previous analyses [20, 21].

Dummy variables were used to indicate missing covariate values, which was performed when more than
1% of continuous variables were missing. The two-sided alpha level was set at 0.05. All the statistical
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analyses were performed using the Empower Stats (www.empowerstats.com, X&Y solutions, Inc., MA,
USA) and R software version 3.6.1 (http://www.r-project.org). 

Results
Characteristics of the patients

A total of 208 participants who participated in the RCT were enrolled in this cohort and followed up to
December 2020. Of the total participants, 26 cases were lost to follow-up, and 182 patients were involved
in the �nal analysis (Fig. 1). For 182 patients, the median of age was 50 (34–59) years, the mean GOS
before surgery was 5.46 (1.51) years, the mean APCHE II score before surgery was 28.73 (2.40), the mean
blood glucose level before surgery was 19.08 (2.25) mmol/L, the mean glycosylated hemoglobin level
during surgery was 5.83 (0.96), the mean CSF glucose level during surgery was 5.26 (0.81) mmol/L, the
mean CSF lactic acid level during surgery was 4.06 (0.67) mmol/L, the average blood glucose level in 7
days in insulin therapy was 9.05 (2.68) mmol/L, the median 6-month GOS was 3 (2–4) years, and the
median 5-year GOS was 4 (1–4) years. Among these patients, 147 were men and 114 had pupil change
(Tables 1 and 2). 

Difference in 5-year and 6-month GOS between insulin therapy groups

When the non-IIT group with a high mean blood glucose range (12.44 ± 1.61 mmol/L) was used as a
reference, the sight-control IIT group exhibited 1.15 (95% CI: 0.56–1.74) higher 5-year GOS and 0.94 (95%
CI: 0.41–1.47) higher 6-month GOS. Similarly, the moderate-control IIT group exhibited 1.26 (95% CI:
0.69–1.84) higher 5-year GOS and 1.01 (95% CI: 0.49–1.52) higher 6-month GOS, while the strict-control
IIT group showed a statistically signi�cant difference in both 5-year and 6-month GOS (Table 4).
Combining slight-control (7.1–10 mmol/L) and moderate-control (10.1–13 mmol/L) IIT groups, we
achieved a blood glucose range of 7.1–13 mmol/L, which positively affected the 5-year and 6-month
GOS.

Relationships between blood glucose levels and GOS

A threshold, nonlinear association between the average blood glucose level in insulin therapy (mmol/L)
and 5-years GOS was found in GAM. The solid red line represented the smooth curve �t between
variables. Blue bands represented the 95% con�dence interval from the �t. “Bell”-shaped relationships
were found to exist between the average blood glucose level in insulin therapy and 5-year GOS (Fig. 2), in
which 6.73 and 8.97 mmol/L (average blood glucose level) were identi�ed as in�ection points (Table 5).
A similar curve was found between the average blood glucose level in insulin therapy and 6-month GOS
(Fig. 2), in which 6.95 and 8.88 mmol/L (blood glucose level) were the in�ection points (Table 5). 

Multivariate analysis between the average blood glucose level and 5-year GOS

According to the in�ection points about 5-year GOS, the average blood glucose level in IIT was assorted
into three groups: low-level (<6.73 mol/L), medium-level (³6.73, <8.97 mmol/L), and high-level (³8.97
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mmol/L), which then was involved in multivariate regression analysis. The multivariate analysis showed
that the 5-year GOS increased by 0.83 (95% CI: 0.22–1.43) in the medium-level group compared with the
low-level group; also, the 5-year GOS in the medium-level group also increased by 0.57 compared with
that in the high-level group (95% CI: 0.05–1.08) (Table 6). 

Discussion
Insulin therapy was used to clinically control the dramatic increase in the blood glucose level following
TBI and bene�t the outcomes of patients with TBI; in contrast, this therapy required the target blood
glucose range to direct the dosage of insulin [22]. Unlike other brain diseases, such as ischemic stroke
and intracerebral hemorrhage, the target blood glucose range for TBI has not been well documented.
Although 6.0–10.0 mmol/L was predicted as the appropriate target range of blood glucose [1, 22], this
range was not fully substantiated by clinical research. In a previous study, based on the effect of IIT on 3-
and 6-month survival and GOS, we introduced that the blood glucose between 7.1 and 13.0 mmol/L
would be the suitable target range for controlling hyperglycemia with insulin therapy following TBI. In the
present study, we tried to con�rm and further narrow the target blood glucose range in insulin therapy
with advanced statistical tools.

During the secondary analysis of RCT with the multivariate regression analysis of the relationship
between insulin therapy groups and 5-year and 6-month GOS, a possible ideal blood glucose range, 7.1–
13 mmol/L, was supplied, which had a positive effect on the outcomes. As support evidence for the
aforementioned analysis, a “bell”-shaped relationship between the average blood glucose level in 7 days
in insulin therapy and GOS was found, which was consistent with previous recognition that a too low or
too high blood glucose level was harmful to the outcomes of patients [13, 14]. With the assistance
of curve-�tting example and threshold effects analysis, we identi�ed two in�ection points in the
aforementioned curves, following which the blood glucose was segregated into three ranges: low-level,
medium-level, and high-level. The multivariate analysis revealed that the 5-year GOS was higher in the
medium-level group than in the low-level and high-level groups. The blood glucose range in the medium-
level group was 6.73–8.97 mmol/L, which was consistent with the blood glucose range reported in a
previous RCT and narrower than that previously reported. When using 6-month GOS as the outcome to
identify the in�ection points, the values of 6.95 and 8.88 mmol/L were achieved. Considering that more
positive incidences were involved in 5-year GOS, we adopted 6.73–8.97 mmol/L as the recommended
mean blood glucose range for insulin therapy. To quantify the effect of blood glucose level in insulin
therapy on GOS, the multivariate analysis was performed between average blood glucose level and 5-year
GOS. The result showed that controlling the blood glucose level in the range of 6.73–8.97 mmol/L
(medium-level) could increase the 5-year GOS by 0.84 and 0.55 when compared with the low-level group
and the high-level group, respectively. This meant that patients could greatly bene�t from proper blood
glucose control in insulin therapy considering a few GOS changes, indicating a big improvement in
prognosis [23]. 
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Due to the in�uence of inclusion criteria, our study had some limitations. We selected critical patients
with a GCS score of 3–8 and excluded patients with a GCS score of >8. Also, patients with bilateral
mydriasis were excluded because of their high mortality. We excluded nonsurgical patients due to some
interference differences between surgical and nonsurgical patients. The data used in this study were
derived from an RCT that just involved a subset population of patients with TBI. Hence, the conclusion
was suitable for a similar subset population. A cohort of patients with TBI of different severity may be a
better choice to produce a target blood glucose range in future studies. Besides the aforementioned
choice bias, multicenter studies with larger sample size would help achieve a more general conclusion
about the target glucose range in insulin therapy.

In conclusion, proper blood glucose range in insulin therapy would improve outcomes of patients with
TBI; the range was 6.73–8.97 mmol/L according to our limited analysis.
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Tables
Table 1. Baseline Characteristics of participants  
Group in RCT Strict Slight Moderate Non-

intensive
Total P-

value
N 45 45 46 46 182  
Age (years), Median (Q1-Q3) 50.00

(33.00-
63.00)

52.00
(40.00-
61.00)

50.00
(31.00-
57.25)

45.50
(34.00-
56.00)

50.00
(34.00-
59.00)

0.266

Sex, n (%)           0.647
male 35

(77.78%)
35

(77.78%)
37

(80.43%)
40

(86.96%)
147

(80.77%)
 

female 10
(22.22%)

10
(22.22%)

9 (19.57%) 6 (13.04%) 35
(19.23%)

 

Pupil changes, n (%)           0.031
No 14

(31.11%)
25

(55.56%)
13

(28.26%)
16

(34.78%)
68

(37.36%)
 

Yes 31
(68.89%)

20
(44.44%)

33
(71.74%)

30
(65.22%)

114
(62.64%)

 

GCS score before surgery,
Mean (SD) 

5.49 (1.80) 5.64 (1.35) 5.48 (1.43) 5.22 (1.43) 5.46 (1.51) 0.599

APCHE II score before
surgery, Mean (SD) 

29.00
(2.89)

28.47
(1.87) 

28.39
(1.87) 

29.04
(2.77) 

28.73
(2.40) 

0.423

Blood glucose before surgery
(mmol/L), Mean (SD) 

19.06
(2.13)

18.93
(2.20) 

19.13
(2.20)

19.20
(2.50) 

19.08
(2.25) 

0.948

GHb before surgery, %, Mean
(SD) 

5.87 (1.12) 5.85 (0.88)  5.72 (0.97)  5.90 (0.87)  5.83 (0.96) 0.832

CSF glucose during surgery
(mmol/L), Mean (SD) 

5.19 (0.67) 5.20 (0.97) 5.42 (0.71)  5.22 (0.88)  5.26 (0.81) 0.477

CSF LA during surgery
(mmol/L), Mean (SD) 

4.08 (0.78) 4.07 (0.61)  3.98 (0.68)  4.10 (0.60)  4.06 (0.67)  0.829

Average blood glucose level
(mmol/L), Mean (SD) 

6.01
(0.82) 

7.63 (0.86) 10.03
(1.01) 

12.44
(1.61) 

9.05 (2.68) <0.001

GCS, Glasgow coma score; APCHE II, Acute Physiology and Chronic Health Evaluation II; GHb, Glycosylated
hemoglobin; CSF, Cerebrospinal fluid; LA, Lactic Acid.
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Table 2. Outcome of participants
Group in RCT Strict Slight Moderate Non-

intensive
Total P-

value
6-month Glasgow Outcome Score,
Median(Q1-Q3)

3.00 (1.00-
4.00)

4.00 (3.00-
5.00)

4.00 (3.00-
5.00)

3.00 (2.00-
3.00)

3.00 (2.00-
4.00)

0.001

=1 Death 12
(26.67%)

4 (8.89%) 6 (13.04%) 11
(23.91%)

33
(18.13%)

 

=2, 3 17
(37.78%)

15
(33.33%)

12
(26.09%)

25
(54.35%)

69
(37.91%)

 

=4, 5 16
(35.56%)

26
(57.78%)

28
(60.87%)

10
(21.74%)

80
(43.96%)

 

5-year Glasgow Outcome Score,
Median(Q1-Q3)

3.00 (1.00-
4.00)

4.00 (3.00-
5.00)

4.00 (4.00-
5.00)

3.00 (1.00-
3.00)

4.00 (1.00-
4.00)

<0.001

=1 Death 18
(40.00%)

7
(15.56%)

9 (19.57%) 18
(39.13%)

52
(28.57%)

 

=2, 3 12
(26.67%)

5
(11.11%)

1 (2.17%) 17
(36.96%)

35
(19.23%)

 

=4, 5 15
(33.33%)

33
(73.33%)

36
(78.26%)

11
(23.91%)

95
(52.20%)

 



Page 14/18

Table 3. Univariate analysis for GOS score in 6-month and 5-year
  Statistics 6-month 5-year
    OR (95%CI) P-value OR (95%CI) P-value
Study Group, n(%)      
   Non-intensive 46 (25.27%) Reference Reference
   Strict 45 (24.73%) 0.21 (-0.30, 0.73)

0.4213
0.23 (-0.34, 0.80)

0.4292
   Moderate 45 (24.73%) 1.17 (0.65, 1.69)

<0.0001
1.45 (0.88, 2.02)

<0.0001
   Slight 46 (25.27%) 1.13 (0.62, 1.64)

<0.0001
1.39 (0.82, 1.96)

<0.0001
Sex, n(%)      
   male 147

(80.77%)
Reference Reference

   female 35 (19.23%) -0.17 (-0.67, 0.33)
0.5129

-0.13 (-0.70, 0.43)
0.6402

Age, year 46.73 ±
16.29

0.00 (-0.01, 0.01)
0.6641

-0.00 (-0.01, 0.01)
0.9376

Pupil changes, n(%)      
   no 68 (37.36%) Reference Reference
   yes 114

(62.64%)
-0.73 (-1.12, -0.33)

0.0004
-0.72 (-1.17, -0.27)

0.0019
GCS score before surgery, mean±SD 5.46 ± 1.51 0.20 (0.07, 0.33) 0.0023 0.20 (0.05, 0.34)

0.0088

APCHE II score before surgery, mean±SD 28.73 ± 2.40 -0.18 (-0.25, -0.10)
<0.0001

-0.18 (-0.27, -0.09)
0.0001

Blood GLU before surgery, mmol/L,
mean±SD

19.08 ± 2.25 -0.13 (-0.22, -0.04)
0.0037

-0.11 (-0.21, -0.01)
0.0256

GHb before surgery, %, mean±SD 5.83 ± 0.96 -0.26 (-0.46, -0.05)
0.0142

-0.20 (-0.43, 0.03)
0.0977

CSF GLU during surgery, mmol/L,
mean±SD

5.26 ± 0.81 0.33 (0.09, 0.57) 0.0080 0.26 (-0.02, 0.53)
0.0671

CSF LA during surgery, mmol/L, mean±SD 4.06 ± 0.67 -0.37 (-0.66, -0.08)
0.0141

-0.28 (-0.61, 0.05)
0.0969

Average blood glucose level, mmol/L,
mean±SD

9.05 ± 2.68 -0.09 (-0.16, -0.02)
0.0144

-0.09 (-0.17, -0.01)
0.0334

Total insulin consumption in 7 days, U,
mean±SD

207.86 ±
66.94

0.00 (-0.00, 0.00)
0.7164

-0.00 (-0.00, 0.00)
0.8822

Abbreviations: CI, confidence interval. OR, odds ratio. GCS, Glasgow coma score. APCHE II, Acute Physiology and
Chronic Health Evaluation II. BI, Barthel Index. GOS, Glasgow Outcome Score. GHb, Glycosylated hemoglobin.
CSF, Cerebrospinal fluid. Glu, Glucose; LA, Lactic Acid, BI, Barthel Index.



Page 15/18

Table 4. Relationship between Group in RCT and Glasgow Outcome Score in 6-month
and 5-year

Exposure Adjust model 
β (95%CI) P-value 

6-month Glasgow Outcome Score  
Study Group  
   Non-intensive Reference
   Strict 0.27 (-0.26, 0.80) 0.3163
   Slight 0.94 (0.41, 1.47) 0.0007
   Moderate 1.01 (0.49, 1.52) 0.0002
5-year Glasgow Outcome Score  
Study Group  
   Non-intensive Reference
   Strict 0.28 (-0.31, 0.87) 0.3498
   Slight 1.15 (0.56, 1.74) 0.0002
   Moderate 1.26 (0.69, 1.84) <0.0001
Adjust model adjust for: Pupil changes; Glasgow coma score before surgery; Acute Physiology and Chronic
Health Evaluation II before surgery.
 
 

Table 5. Threshold Effect Analysis of Average blood glucose (mmol/L) with Glasgow
coma score in 6-month and 5-year using Piece-wise Linear Regression

Outcome 6-month Glasgow coma score 5-year Glasgow coma score

β (95%CI) P-value β (95%CI) P-value

Model I    

  A linear Inflection -0.09 (-0.16, -0.02) 0.0144 -0.10 (-0.18, -0.02) 0.0185

Model II    

Inflection point (K1, K2) K1=6.95, K2=8.88 K1=6.73, K2=8.97

   < K1 0.68 (0.24, 1.13) 0.0032 0.71 (0.13, 1.29) 0.0171

K1-K2 -0.17 (-0.75, 0.41) 0.5653 0.06 (-0.48, 0.61) 0.8170

   >K2 -0.38 (-0.52, -0.23) <0.0001 -0.41 (-0.57, -0.25) <0.0001

Log Likelihood Ratio Tests <0.001 <0.001
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Table 6. Relationship between Average blood glucose level (mmol/L) and 5-year Glasgow
coma score.

Statistics n(%) Non-adjusted    Adjust model
β (95%CI) P-value   β (95%CI) P-value

Average Blood glucose level
(mmol/L)

       

   <6.73 42
(23.08%)

Reference   Reference

   >=6.73, <8.97 47
(25.82%)

0.99 (0.37, 1.61) 0.0021   0.83 (0.22, 1.43) 0.0084

   >=8.97 93
(51.10%)

0.33 (-0.21, 0.87) 0.2374   0.26 (-0.27, 0.78) 0.3389

Average Blood glucose level
(mmol/L)

       

   >=8.97 93
(51.10%)

Reference   Reference

   >=6.73, <8.97 47
(25.82%)

0.66 (0.14, 1.18) 0.0145   0.57 (0.05, 1.08) 0.0314

   <6.73 42
(23.08%)

-0.33 (-0.87, 0.21)
0.2374

  -0.26 (-0.78, 0.27) 0.3389

Adjust model adjust for: Pupil changes; Glasgow coma score before surgery; Acute Physiology and Chronic Health
Evaluation II.

 
 
 

Figures



Page 17/18

Figure 1

CONSORT 2010 Transparent Reporting of Trials: Flow diagram.
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Figure 2

(A) A threshold, nonlinear association between the average blood glucose level (mmol/L) and 6-month
GOS was found in a generalized additive model (GAM). Solid red line represents the smooth curve �t
between variables. Blue bands represent the 95% con�dence interval from the �t; 6.95 and 8.88 mmol/L
(blood glucose level) were its in�ection points (K1 and K2). (B) Average blood glucose level (mmol/L)
versus 5-year GOS, in which 6.73 and 8.97 mmol/L (average blood glucose level) were identi�ed as the
in�ection points (K1 and K2).
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